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Description 



[0001] The present invention relates to the field of treatments for cancer tumors. More particularly the present in- 
vention relates to the use of combinations of chemotherapy agents and 1 ,2,4-benzotriazine oxides for the preparation 
5 of a medicament for the treatment of tumors. 

[0002] The most commonly used anticancer drugs are more cytotoxic toward normally oxygenated tumor cells than 
toward hypoxic tumor cells. Hypoxic cell resistance to irradiation is also widely known. Consequently, tumor hypoxia 
and the resultant resistance to treatment is of concern in cancer therapeutics. 

[0003] Solid cancer tumors contain both adequately oxygenated cells as well as varying proportions of inadequately 
10 oxygenated or hypoxic cells. Hypoxia usually occurs where the tumor cells are furthest away from bloodvessels. Such 
cells also tend to have slower rates of proliferation. Although not completely understood, resistance of hypoxic cells 
to anticancer drugs is generally thought to be due to inadequate uptake of the drug by the hypoxic cells either because 
they tend to be slowly growing or because of their distance from the blood vessels bringing the drug. Thus, the relative 
proportion of hypoxic cells in the tumor can be of great importance to the outcome of the treatment. Resistant hypoxic 
15 cells that survive irradiation or drug treatment may become reoxygenated, thereby restoring tumor sensitivity to further 
treatment. Nonetheless, instead of relying on uncertain events, it is desirable to develop cancer treatments wherein 
cancer tumor cells, including hypoxic tumor cells, are killed or rendered inactive more reliably at the time the treatment 
is administered. 

[0004] U.S. Patent 5,175,287 discloses the use of 1 ,2,4-benzotriazine oxides in conjunction with radiation for treat- 
20 ment of tumors. The 1 ,2,4-benzotriazine oxides sensitize the tumor cells to radiation and make them more amenable 
to this treatment modality. 

[0005] Holden et al (1 992) " Enhancement of Alkylating Agent Activity by SR-4233 in the FSallC Murine Fibrosarcoma" 
JNCI 84: 1 87-1 93 discloses the use of SR-4233, also'known as tirapazamine, in combination with an antitumor alkylat- 
ing agent. The four antitumor alkylating agents, cisplatin, cyclophosphamide, carmustine and melphalan, were each 

25 tested to examine the ability of tirapazamine to overcome the resistance of hypoxic tumor cells to antitumor alkylating 
agents. Tirapazamine was tested alone and in combination with varying amounts of each of the antitumor alkylating 
agents. When tirapazamine was administered just before single-dose treatment with cyclophosphamide, carmustine 
or melphalan marked dose enhancement leading to synergistic cytotoxic effects on tumor cells was observed. When 
tirapazamine was administered just prior to single-dose treatment with cisplatin, however, the dose enhancement lead 

30 to an additive effect, except at the highest dose level of cisplatin. 

[0006] Nitro imidazole hypoxic cytotoxic agents have been combined with various anti-cancer drugs and it was found 
that a therapeutic gain could be achieved when these agents were combined with various anti-cancer drugs, particularly 
the alkylating agents, cyclophosphamide and melphalan and the nitrosoureas, BCNU and CCNU. However, it was later 
found that the therapeutic gain produced was not the consequence of selective killing of hypoxic cells by the nitroim- 

35 idazoles but appeared to be by a mechanism involving the potentiation of alkylating agent-induced DNA cross-links 
by metabolites of the nitroimidazoles (Murray et al. (1983) Br. J. Cancer 47: 195-203). 

[0007] Kusumoto T et al. Int. J. Oncol., vol. 3, 1 993, page 205-21 1 disclose the ability of two cytotoxic agents, namely 
tirapasamine and etanidazole to increase the sensitivity of human breast carcinoma cells in culture to different antitu- 
mour alkylating agents. 

40 [0008] Brown JM Br. J. Cancer, Vol. 67, 1993, pages 1163-1170 reviews the bioreductive properties and mechanism 
of toxicity of such urea derivative on hypoxic tumour cells which enhances the activity of cisplatin when administered 
at the same time. 

[0009] Edwards HS etal. Int.J. Radiat. Biol., vol. 60, no.1/2, 1991 , page 373-377, and Sun Ji-Rong Cancer Research, 
vol. 49, 1989, pages 5664-5670 report results obtained in experimental murine carcinoma by treating tumour hypoxia 
45 with FAA and administering the urea derivative SR-4233 at different times. This mechanism of action by inducing 
hypoxia via haemorrhagic necrosis in murine tumours is not a cytotoxic action mechanism. 

[0010] Cytotoxicity can be achieved by various action mechanism which are yet not well understood in vivo. Accord- 
ingly, the cytoxic antitumoral agents are classified in several distinct groups, including the group of alkylating agents. 
Prediction of the activity of association of antitumoral drugs or enhancement of the cytotoxic activity of a drug by another 
so drug is quite unpredictable and even more if the cytotoxic agents are classified in distinct groups. 
. [0011] The invention is based on the use, as hereafter defined 
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Formula I 



wherein X is H; hydrocarbyl (1-4C); hydrocarbyl (1-4C) substituted with OH, NH 2> NHR, NRR, alkoxy(1-4C) or 
halogen ; halogen; OH; alkoxy (1 -4C); NH 2 ; NHR or NRR; wherein each R is independently selected from lower alkyl 
(1-4C) and lower acyl (1-4C) and lower alkyl (1-4C) and lower acyl (1-4C) substituted with OH, NH 2> alkyl (1-4C) 
20 secondary and dialkyl (1-4C) tertiary amino groups, alkoxy (1-4C) or halogen and when X is NRR, both R's can be 
linked together directly or through a bridge oxygen to form a morpholino ring, pyrrolidino ring or piperidino ring; 

n is 0 or 1 ; and 

Y 1 and Y 2 are independently either H ; nitro; halogen ; hydrocarbyl (1-1 4C) including cyclic, acyclic and unsaturated 
hydrocarbyl, optionally substituted with 1 or 2 substituents selected from the group consisting of halogen, hydroxy, 

25 epoxy, alkoxy (1 -4C). alkylthio (1 -4C), primary amino (NH 2 ), alkyl (1 -4C) secondary amino, dialkyl (1 -4C) tertiary amino, 
dialkyl (1 -4C) tertiary amino where the two alkyls are linked together to produce a morpholino, pyrrolidino or piperidino, 
acyloxy (1-4C), acylamido (1-4C) and thio analogs thereof, acetylaminoalkyl (1-4C), carboxy, alkoxycarbonyl (1-4C), 
carbamyl, alkylcarbamyl (1 -4C), alkylsulfonyl (1 -4C) or alkylphosphonyl (1 -4C), wherein the hydrocarbyl can optionally 
be interrupted by a single ether (-0-) linkage; or wherein Y 1 and Y 2 are independently either morpholino, pyrrolidino, 

30 piperidino, NH 2 , NHR 1 , NR'R\ 0(CO)R\ NH(CO)R\ 0(SO)R\ or 0(POR')R' in which R' is a hydrocarbyl (1-4C) which 
may be substituted with OH, NH 2 , alkyl (1 -4C) secondary amino, dialkyl (1 -4C) tertiary amino, morpholino, pyrrolidino, 
piperidino, alkoxy (1-4C), or halogen substituents, or pharmacologically acceptable salts of said compound; and ad- 
ministering to the mammal from about one half hour to about twenty-four hours after administering the compound of 
Formula I, as defined herein, an effective amount of a chemotherapy agent to which the tumor is susceptible. 

35 [0012] It has been discovered that administering a compound of Formula I, as defined herein, either before or after 
the administration of a chemotherapy agent surprisingly and unexpectedly killed tumor cells to a much greater extent 
than administration of either agent alone, or administration of both agents at the same time. For example, when tira- 
pazamine was administered up to twenty-four hours prior to administration of cisplatin, it was found that there was a 
ten to one thousand fold increase in tumor cell killing above the amount of tumor cell killing found when tirapazamine 

40 and cisplatin were administered at the same time. The greatest synergistic effect with this combination of agents was 
found when tirapazamine was administered about two and one half hours prior to administration of cisplatin. 
[0013] The use claimed herein represents an enormous increase in anti-tumor efficacy of the chemotherapy agent 
(i.e. its cytotoxic effects upon tumor cells). Additionally, in tests of the systemic toxicity of cisplatin (serum BUN (blood 
urea nitrogen) and acute toxicity) the combination with the optimum separation for tumor efficacy showed little or no 

45 enhancement of systemic toxicity compared to cisplatin alone. Thus, most, if not all, of the additional cell kill of the 
tumor cells translates into a therapeutic gain for this combination. The synergistic interaction between tirapazamine 
and cisplatin is also significant since the great increase in tumor cell killing was produced at a relatively low dose of 
cisplatin. ... 

[0014] The object of the present invention is the use of a compound capable of exerting a cytotoxic-enhancing effect 
so on a cancer tumor having Formula I, as defined herein above, or a pharmacologically acceptable salt thereof, for the 
manufacture of a medicament enhancing the cytotoxic effect of a chemotherapy agent selected for antimetabolites, 
natural products, hormones and antagonists, antracenediones, adrenocortical suppressants and immunosuppressives 
on a solid tumorthrough therapeutic administration to a mammal having such tumor from about one half hour to twenty- 
four hours prior to or from about one hour to about two hours after the administration of said chemotherapy agent. 
55 [0015] The present invention is more particularly described with references to the following preferred embodiments 
in the following description but in no way to be construed as limited thereto. 

[0016] Figure 1 shows a graph of the relative clonogenic cells per tumor present in experimental RIF-1 tumors versus 
time (-3 to +2 hours) of administration of tirapazamine relative to cisplatin. 
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[0017] Figure 2 shows a graph of the relative clonogenic cells per tumor present in experimental RIF-1 tumors versus 
time (-24 to 0 hours) of administration of tirapazamine relative to cisplatin. 

[0018] In the field of cancer tumors, including human cancer tumors, particularly solid tumors, the term "susceptibility 
of a tumor to a chemotherapy agent" refers here to a chemotherapy agent that is capable of exerting a therapeutic 

5 effect on a tumor by any mechanism such as by killing tumor cells, reducing cell proliferation or reducing the size of 
the tumor. Also as used herein, effective amount of the compound of Formula I, as defined herein, refers to amounts 
capable of killing tumor cells or capable of killing tumor cells in conjunction with a chemotherapy agent. An effective 
amount of a chemotherapy agent refers to an amount of the chemotherapy agent capable of killing cancer cells or 
otherwise producing a therapeutic effect such as by reducing tumor size or slowing tumor cell growth and proliferation. 

10 . [0019] In the field of increase of the cytotoxicity of a chemotherapy agent towards a solid tumor susceptible to treat- 
ment with the chemotherapy agent the term "cytotoxicity-enhancing amount" refers hereto an amount of the compound 
of Formula I, as defined herein, that is capable of increasing the cytotoxic effects of the chemotherapy agent on cells. 
Preferably the cytotoxicity-enhancing amount is sufficient to produce a synergistic effect, i.e., greater than the sum of 
the effects of the chemotherapy agent and the compound of Formula I when administered singly. Cytotoxicity-enhancing 

15 amounts of the of the compound of Formula I can be assessed by testing such compounds with a chemotherapy agent 
(s) in in vivo and /or in vitro experimental tumor models, such as the one set forth herein, or any other tumor model 
known in the art. The cytotoxicity-enhancing amount determined through in vivo and or in vitro experimental tumor 
models is then used as a guide for determining the amounts of the two agents that will be administered to the mammal 
for treatment of the tumor. 

20 [0020] Without wishing to be bound by any theory or mode of action, at the present time it is believed that the com- 
bination of a benzotriazine chemotherapy agent of Formula I, as defined herein, that is specifically cytotoxic to hypoxic 
cancer cells and a chemotherapy agent having its greatest activity on normally oxygenated cancer cells provides en- 
hanced or synergistic killing of tumor cells. The benzotriazines oxides of Formula I, as defined herein, specifically 
require lower than normal oxygen concentrations in order to exert their effects. This requirement for hypoxia is a major 

25 advantage, since it provides the basis for tumor-specific interaction between the two drugs. In general, normal tissues 
are at an oxygen concentration above 10-15 mm Hg. At these and higher oxygen partial pressures, the cytotoxicity 
produced by tirapazamine is very low. On the other hand, many tumors have a significant number of cells at oxygen 
concentrations below 10 mm Hg, at which partial pressures the metabolism of tirapazamine and the other benzotri- 
azines of Formula I to cytotoxic species is greatly increased. As used herein hypoxic tumor cells refers to tumor cells 

30 at an oxygen partial pressure less than about 10 mm Hg. 

[0021] The medicaments prepared by the present use are useful in the treatment of mammalian cancer tumors, 
including human cancer tumors, particularly solid tumors having hypoxic regions. Examples of such tumors include, 
but are not limited to, adrenocarcinomas, glioblastomas (and other brain tumors), breast, cervical, colorectal, endome- 
trial, gastric, liver, lung (small cell and non-small cell), lymphomas (including non-Hodgkin's, Burkitt's, diffuse large cell, 

35 follicular and diffuse Hodgkin's), melanoma (metastatic), neuroblastoma, osteogenic sarcoma, ovarian, retinoblastoma, 
soft tissue sarcomas, testicular and other tumors which respond to chemotherapy. Thus, the present invention can be 
used to treat cancer tumors, including experimentally-induced cancer tumors, in any type of mammal including humans, 
commonly used laboratory animals such as rats, mice, rabbits and dogs, primates such as monkeys, and horses, cats 
and other animals. 

40 [0022] These medicaments can be used with any type of chemotherapy agent. In any particular embodiment of the 
invention, the chemotherapy agent will be selected with reference to factors such as the type of cancer tumor and the 
efficacy of the chemotherapy agent for treating the cancer tumor involved. The chemotherapy agent may selected from 
alkylating agents, antimetabolites, natural products, hormones and antagonists and other types of compounds. 
[0023] Examples of alkylating agents include the nitrogen mustards (i.e. the 2-chloroethylamines) such as, for ex- 

45 ample, chloromethine, chlorambucil, melphalan, uramustine, mannomustine, extramustine phosphate, mechlorthami- 
noxide, cyclophosphamide, ifosamide and trifosfamide; alkylating agents having a substituted aziridine group such as, 
for example, tretamine, thiotepa, triaziquone and mitomycin; alkylating agents of the alky] sulfonate type, such as, for 
example, busulfan, and piposulfan; alkylating N-alkyl-N-nitrosourea derivatives such as, for example, carmustine, 
lomustine, semustine or streptozotocine; alkylating agents of the mitobronitole, dacarbazine and procarbazine type; 

so and platinum complexes such as, for example, cisplatin and carboplatin. 

[0024] Examples of antimetabolites include folic acid derivatives such as, for example, methotrexate, aminopterin 
and 3'-dichloromethotrexate; pyrimidine derivatives such as, for example, 5-fluorouracil, f loxuridine, tegafur, cytarabine, 
idoxuridine, and flucytosine; purine derivatives such as, for example, mercaptopurine, thioguanine, azathioprine, tiami- 
prine, vidarabine, pentostatin and puromycin. 

55 [0025] Examples of natural products include vinca alkaloids such as for example vinblastine and vincristine; epipo- 
dophylotoxins such as, for example, etoposide, andteniposide; antibiotics such as, for example, adrimycin, daunomy- 
cin, dactinomycin, daunorubicin, doxorubicin, mithramycin, bleomycin and mitomycin; enzymes such as, for example, 
-L-asparaginase; biological response modifiers such as, for example, alpha-interferon; camptothecin; taxol; and retin- 
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oids such as retinoic acid. 

[0026] Examples of hormones and antagonists include adrenocorticoids, such as, for example, prednisone; pro- 
gestins, such as, for example, hydroxyprogesterone acetate, medroxyprogesterone acetate and megestrol acetate; 
estrogens such as, for example, diethylstilbestrol and ethinyl estradiol; antiestrogens such as for example, tamoxifen; 
androgens such as, for example, testosterone propionate and fluoxymestrone; antiandrogens such as, for example, 
flutamide; and gonadotropin-releasing hormone analogs such as, for example, leuprolide. 

[0027] Examples of miscellaneous agents include anthracenediones such as for example, mitoxantrone; substituted 
ureas such as, for example, hydroxyureas; and adrenocortical suppressants such as, for example, mitotane and 
aminoglutethimide. 

[0028] In addition, the chemotherapy agent can be an immunosuppressive drug, such as, for example, cyclosporine, 
azathioprine, sulfasalazine, methozsalen and thalidomide. 

[0029] The chemotherapy agents useful in the practice of the present invention are commercially available or can 
be prepared by methods known in the art. The chemotherapy agent can be used alone or in combination with one or 
more chemotherapy agents. For example, a combination of three different chemotherapy agents and one or more of 
the compounds of Formula I, as defined herein, administered in accordance with the methods of the present invention 
could be used to treat a cancer tumor. 
[0030] In the compounds of Formula I, 



X is hydrogen; unsubstituted branched or straight chain hydrocarbyl (1-4C) such as methyl, ethyl, s-butyl and 
iso-propyl; halogen; hydroxy; alkoxy (1-4C) such as methoxy, ethoxy, propoxy, and t-butoxy; primary amino (NH 2 ); 
secondary amino (NHR) where R is an alkyl or acyl of 1 to 4 carbons, such as methylamino and ethylamino; tertiary 
amino (NRR) where each of the R groups is an alkyl or acyl of 1 to 4 carbons, for example diethylamino and the like, 
or the two R's join to form a morpholino, pyrrolidine or piperidino ring. In the case of the various alkyl and acyl R groups, 
they can be further substituted with OH, NH 2 , lower alkyl (1-4C) secondary amino and dialkyl (1-4C) tertiary amino, 
morpholino, pyrrolidino, piperidino, alkoxy (1-4C) or halogen (fluoro, chloro, bromo or iodo) substituents. 
[0031] The hydrocarbyl X groups can be further substituted with OH, NH 2 , alkyl secondary amino, dialkyl tertiary 
amino, alkoxy (1-4C) or halogen (fluoro, chloro, bromo or iodo) substituents. 

[0032] More preferably X is hydrogen, primary amino (NH 2 ); unsubstituted branched or straight chain hydrocarbyl 
(1-4C) or substituted branched or straight chain hydrocarbyl (1-4C). 
n is Oor 1, preferably 1. 

Y 1 and Y 2 are independently hydrogen; nitro; halogen (e.g. fluoro, chloro, bromo or iodo); or hydrocarbyl (1-1 4C). 
When hydrocarbyl, Y 1 or Y 2 may be saturated or unsaturated, cyclic or acyclic, and may optionally be interrupted by 
_ a single ether linkage. Thus, the unsubstituted hydrocarbyl forms of Y 1 or Y 2 can be, for example, methyl, ethyl, n- 
propyl, s-butyl, n-hexyl, 2-methyl-n-pentyl, 2-ethoxyethyl, 3-(n-propoxy)-n-propyl, 4-methoxybutyl, cyclohexyl, tetrahy- 
drofurfuryl, furfuryl, cyclohexenyl, 3-(n-decyloxy)-n -propyl, and 4-methyloctyl, 4,7,-dimethyloctyl. 
[0033] The hydrocarbyl Y 1 and Y 2 groups may optionally be substituted with 1 or 2 substituents selected from halogen 
such as fluoro, chloro, bromo or iodo; hydroxy; epoxy; alkoxy (1-4C) such as, for example, methoxy, n-propoxy and t- 
butoxy; alkyl thio; (1-4C) primary amino (NH 2 ); morpholino; pyrrolidino; piperidino; secondary amino (NHR') where R' 
is a 1-4C alkyl, such as methylamino, propylamino and the like; tertiary amino (NR'R*); acyloxy and acylamido groups ■ 
represented by R'COO- and R'CONH-, respectively, and their thiol analogs represented by R'CSO- and R'CSNH- 
respectively; carboxy (-C(O)OH); alkoxycarbonyl (-C-(O)OR'); carbamyl (-C(0)NH 2 ); alkylcarbamyl (1-4C) (-C(O) 
NHR 1 ); alkylsulfonyl (1-4C) (R'S0 2 -); and alkyl phosphonyl (1-4C) (R'P(OR')O-). 
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[0034] In addition Y 1 and Y 2 can each independently be -NH 2 , -NHR', -NR'R', -OCOR', -NH(CO)R\ -0(SO)R' or -0 
(ROR')R' in which the various R' groups are lower alkyls (1 -4C) which themselves may be substituted with OH, NH 2 , 
alkyl secondary and tertiary amino, pyrrolidine, piperidino, alkoxy (1-4C), or halogen substituents. 
[0035] More preferably, Y 1 and Y 2 are independently H, nitro, carboxy, alkoxycarbonyl, alkylsulfonyl. 

5 [0036] Particularly preferred compounds of Formula I for use in the present invention include 1 ,2,4-benzotriazine 
1 ,4-dioxide (wherein X is hydrogen, Y 1 and Y 2 are each hydrogen and n is 1 ) ; 3-amino-1 ,2,4-benzotriazine 1 ,4-dioxide 
(i.e., tirapazamine, wherein X is NH 2 , Y 1 and Y 2 are each hydrogen and n is 1 ); 3-ethyl - 1 ,2,4-benzotriazine 1 ,4-dioxide 
(wherein X is ethyl, Y 1 and Y 2 are each hydrogen and n is 1); 3-propyl- 1 ,2,4-benzotriazine 1 ,4-dioxide (wherein X is 
propyl, Y 1 and Y 2 are each hydrogen and n is 1) and ; 3-(1-hydroxyethyi) - 1 ,2,4-benzotriazine 1 ,4-dioxide (wherein X 

10 is 1-hydroxyethyl, Y 1 and Y 2 are each hydrogen and n is 1); most particularly 3-amino-1 ,2,4-benzotriazine 1 ,4-dioxide. 
[0037] Pharmaceutical^ acceptable salts of the compounds of Formula I, as defined herein, include salts formed 
from inorganic acids such as hydrochloric, hydrobromic, or phosphoric acids; organic acids such as acetic acid, pyruvic 
acid, succinic acid, mandelic acid, and p-toluene sulfonic acid; salts formed from inorganic bases such as sodium, 
potassium or calcium hydroxide or from organic bases such as caffeine, ethylamine or lysine. 

15 [0038] The compounds of Formula I, as defined herein, may be administered to patients orally or parenterally (in- 
travenously, subcutaneously, intramuscularly, intraspinally, intraperitoneally, and the like). When administered parenter- 
ally the compounds will normally be formulated in a unit dosage injectable form (solution, suspension, emulsion) with 
a pharmaceutical^ acceptable vehicle. Such vehicles are typically nontoxic and n o nth e rape utic. Examples of such 
vehicles are water, aqueous vehicles such as saline, Ringer's solution, dextrose solution, and Hank's solution and 

20 nonaqueous vehicles such as fixed oils (e.g., corn, cottonseed, peanut, and sesame), ethyl oleate, and isopropyl myr- 
istate. Sterile saline is a preferred vehicle. The vehicle may contain minor amounts of additives such as substances 
that enhance solubility, isotonicity, and chemical stability, e.g., antioxidants, buffers, and preservatives. When admin- 
istered orally (or rectaliy) the compounds will usually be formulated into a unit dosage form such as a tablet, capsule, 
suppository or cachet. Such formulations typically include a solid, semisolid or liquid carrier or diluent. Exemplary 

25 diluents and vehicles are lactose, dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, 
mineral oil, cocoa butter, oil of theobroma, alginates, tragacanth, gelatin, methylcellulose, polyoxyethylene, sorbitan 
monolaurate, methyl hydroxybenzoate, propyl hydroxybenzoate, talc and magnesium stearate. 
[0039] The chemotherapy agent is administered to the mammal by conventional routes appropriate for the particular 
chemotherapy agent. The chemotherapy agent and the compound of Formula I, as defined herein, can be administered 

30 by the same route, or by different routes, depending on the particular combination of compound of Formula I, as defined 
herein, and chemotherapy agent. The compound of Formula I, as defined herein, can be administered to the mammal 
alone or in combination with one or more other compounds of Formula I, as defined herein. 

[0040] The compounds of Formula I, as defined herein, are administered to the mammal in amounts effective to kill 
or produce cytotoxic effects upon hypoxic tumor cells. The amount of the compound administered will depend on such 

35 factors as the type of cancer tumor, the age and health of the mammal, the maximum tolerated and/or lethal dosage 
of the chemotherapy agent and the compound of Formula I, and the interaction of the compound of Formula I with the 
chemotherapy agent. In a presently preferred embodiment of the invention, tirapazamine is administered in amounts 
of from about 1 0 mg/m 2 to about 450 mg/m 2 ; more preferably from about 20 mg/m 2 to about 350 mg/m 2 ; most preferably 
from about 30 mg/m 2 to about 250 mg/m 2 . When the compound of Formula I is administered to the mammal in divided 

40 doses, the lower dosage range may be preferably, depending on the maximum tolerated dosage of the compound and 
the interaction of the compound with the chemotherapy agent. 

[0041] The chemotherapy agent is administered to the mammal in amounts effective to treat susceptible tumors. 
Such amounts are well-known in the art and can be ascertained by reference to product literature furnished by the 
supplier of the chemotherapy agent or scientific literature. In preferred embodiments of the invention, the chemotherapy 

45 agent and the compound of Formula I have a synergistic interaction upon the tumor and it may be possible to administer 
the chemotherapy agent at doses that are lower than doses recognized as effective when the chemotherapy agent is 
administered alone. Such lower dosages may be desirable if the chemotherapy agent produces severe side effects in 
the mammal to which it is administered. If the chemotherapy agent is to be administered to the mammal in divided 
doses, sufficient amounts of the compound of Formula I, as defined herein, is administered to the mammal so that the 

so synergistic effect of the combination of two agents is maintained, whether before the initial dose of the chemotherapy 
agent or prior to each individual dose of the chemotherapy agent. The methods of the invention can also be employed 
in conjunction with other types of cancer treatments such as radiation therapy and surgical removal of the tumor. 
[0042] The compound of Formula I is administered to the mammal from about one half hour to about twenty-four 
hours prior to administration of the chemotherapy agent. Alternatively, the compound of Formula I can be administered 

55 to the mammal from about one to about two hours after the administration of the chemotherapy agent. For some 
combinations of chemotherapy agent and compound of Formula I it may be possible to administer the compound of 
Formula I more than twenty-four hours prior to administration of the chemotherapy agent and still retain the advantages 
of the methods of the present invention. The time differential providing the most advantageous increase in cell toxicity 
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can be determined by testing the combination of compound of Formula I and chemotherapy agent in in vivo and or in 
vitro experimental tumor models, such as the one set forth herein, or any other tumor model. The time differential 
determined in such models is then used as a guide for treatment of tumors in mammals, with adjustments made during 
treatment if necessary. Applicants have found that for the combination of tirapazamine and cisplatin, the greatest in- 

s teraction between the two agents was observed when tirapazamine was administered between about one and eighteen 
hours, preferably between one and three hours, most preferably between two and three hours prior to administration 
of the cisplatin, with the greatest increase in cell death occurring when tirapazamine was administered about two and 
one half hours prior to cisplatin. When tirapazamine was administered one to two hours after administration of cisplatin, 
an enhanced cytotoxic effect was observed, however, the increase was not as large. With certain compounds of formula 

10 I, it may be desirable to administer the compound of Formula I at the same time as the chemotherapy agent. 

[0043] The present invention also provides kits for treatment of mammalian tumors comprising at least one chemo- 
therapy agent and at least one compound of Formula I, as defined herein. The compound of Formula I as defined 
herein is preferably supplied in the kits in cytotoxicity-enhancing amounts or doses. Suitable dosage forms for the 
compounds of Formula I, as defined herein, are disclosed herein. The particular dosage form of the chemotherapy 

15 1 agent and the compound of Formula I, as defined herein, will be determined by the type of cancer tumor to be treated, 
the preferred route of administration and the type of chemotherapy agent. The chemotherapy agent and the compound 
of Formula I, as defined herein, are preferably supplied in separate containers to facilitate administration of the chem- 
otherapy agent and the compound of Formula I at different times in accordance with the methods of the invention. 
[0044] The compounds of Formula I useful in the practice of the present invention can be prepared according to the 

20 methods disclosed in U.S. patent 5.1 75.287. General methods for preparing some 3-amino derivatives can be found, 
for example, in Ley et at., U.S. Pat. No. 3,980,779. 
[0045] The compounds are prepared from benzofuroxan of the Formula: 




by reaction with a salt of cyanamide, followed by acidification of the reaction mixture. The benzofuroxan starting 
material is not symmetric with respect to its own 5 and 6 positions (which are the 6 and 7 positions of the resulting 
35 3-amino benzotriazine oxide). Therefore, a mixture of the 6- and 7-substituted materials may result. If desired, this 
mixture can be separated using conventional means into individual components having a substituent in either the 6 or 
7 position. 

[0046] The dioxide may also be prepared from parent monoxide or 1 ,2,4-benzotriazine by peracid oxidation (see 
Robbins et al, J Chem Soc 3186 (1957) and Mason et al, J Chem Soc B 911 (1970)). 
40 [0047] In addition, the monoxide may be prepared by: 

(1) cyclization of a 1-nitro-2-aminobenzene compound using H 2 NCN.2HCI; 

(2) oxidation of the parent compound given by the structure 



50 




or by controlled reduction of the corresponding dioxide (see Mason, supra, and Wolf et al, J Am Chem Soc 
76:355(1954)). 

[0048] The 1 ,2,4-benzotriazines may be prepared by cyclization of formazan precursors using BF^AcOH (see 
Scheme 1 and Atallah and Nazer, Tetrahedron 38:1793 (1982)). 

[0049] 3-Amino-1 ,2,4-benzotriazines may be prepared either by cyclization of a parent compound (see Scheme II 
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and Arndt, Chem. Ber. 3522 (1 913)) or by reduction of the monoxide or dioxide as above. 

[0050] The 3-hydroxy-1 ,2,4-benzotriazine oxides may be prepared using peroxide and sodium tungstate (Scheme 
III), a synthetic procedure for making the 3-hydroxy-1 ,4-dioxide compound, or concentrated sulfuric acid and sodium 
nitrate (Scheme IV) to prepare the monoxide. 



Scheme I 




BFyAcOH 





X 



Scheme II 



NH 2 



SMe 



N= C — N=N— 



NH 




Scheme 




H2O2 



N^WQ)2H20 
> 50°C 



t 
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Scheme IV 



10 



15 




H 2 0 2 




20 



25 



[0051] 1 ,2,4-Benzotriazine oxides unsubtituted at the 3 position (sometimes referred to herein as the "3-desamino" 
compounds) can be prepared by the following method which involves treating a 1 ,2,4-benzotriazine oxide of Formula 
(I), wherein X is NH 2> with a lower alkyl nitrite under reductive deaminating conditions. By "reductive deaminating 
conditions" is meant reaction conditions which will give rise to at least about 10%, preferably at least about 50%, of 
the desired 3-unsubstituted reaction product. A preferred lower alkyl nitrite for use in said method is t-butyl nitrite. 
Exemplary reductive deaminating conditions involve reaction in a compatible solvent, e.g., dimethylformamide, at a 
temperature of at least about 60°C, typically at a temperature in the range of 60°-65°C. This reaction is illustrated 
generally at Scheme V., 



30 



Scheme V 




[0052] The use of the present invention is exemplified by the following non-limiting examples. Examples 1-18 relate 
to synthesis of compounds of Formula I, as defined herein. Example 1 9 relates to in vitro and in vivo tests of tirapazamine 
55 and cisplatin. 
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EXAMPLE 1 Preparation of 3-Hydroxy-1 ,2,4-Benzotriazine 1 ,4-Dioxide 
[0053] 



10 



15 



20 




NH2 



[0054] A stirred mixture of 1 .50 g (9.25 mmole) of 3-amino-1 ,2,4-benzotriazine 1 -oxide, 1 00.0 ml acid, and 30.0 ml 
of 30% hydrogen peroxide was treated with 3.05 g (9.25 mmole) of Na 2 W0 4 »2H 2 0. The mixture was stirred in an oil 
bath at 60°C. for 4 days. The yellowish orange mixture was cooled to about 30° and filtered to remove a light yellow 
non-UV. absorbing solid. The orange solution of hydrogen peroxide in acetic acid was evaporated to semi-dryness 
carefully with several additions of water and acetic acid to remove most of the peroxide. The concentrated solution 
was allowed to stand at room temperature to afford four crops of an orange solid, 0.87 g (42% yield of the sodium salt 
of 2).UV: X max (20% CH 3 OH/H 2 0): 262.2 (e 39,460); 477 (e 7,030). IR (neat): 3530 m, 3150 m, 2650 m, 2180 m and 
1635 m. Anal. Calc. C 7 H 4 N 3 0 3 Na 1 .25H 2 0, 223.64: C.37.6; H.2.93; N, 18.79. Found: C.37.8; H.2.75; N, 18.65. 



25 



30 



35 




40 



EXAMPLE 2 Preparation of 3-Amino-7-Trifluoromethyl-1,2,4-Benzotriazine 1 -Oxide: 
[0055] 



45 



50 




f 

919X 

N NH- 



55 



[0056] A mixture of 4-chloro-3-nitrobenzotrifluoride (Aldrich, 2.70 g, 12.9 mmole) and cyanamide dihydrochloride 
(2.75 g, 24 mmole) (previously prepared by treating an ether solution of cyanamide with HCI gas and collecting the 
precipitated solid) was heated at 1 40° C for 1 hour. The residue was treated with 2N NaOH (45 ml), heated for a further 
5 min., and then allowed to cool. The precipitate was collected, washed with H 2 O f dried, and triturated with acetone- 
toluene to yield 1 .32 g (45%) of the desired end-product as a light yellow solid M.P. 301 °-302° . TLC R/3.60 (9:1 meth- 



10 



EP0 972 517 B1 



ylene chloride: methanol on silica gel plates). MS: m/z (relative intensity) 230 (100, M + ). 

EXAMPLE 3 Preparation of 3-Amino-7-Decyl-1 ,2,4-Benzotriazine 

[0057] 



10 



15 



C 10^21 




t 

N, 



N NH 2 



20 



25 



[0058] Preparation of 4-(1-decyl)-2-nitroaniline: Acetic anhydride (400 ml) was added over a 30-minute period to a 
stirred solution of 4-decylaniline (Aldrich, 80 g, 0.34 mole) in hexanes (2.41). After stirring for 1h p the mixture was 
cooled and treated "over 30 min. at 5°-1 0°C with 70% nitric acid (34 ml) . Stirring was continued at 5°-1 0°C. for 1 h and 
at 25°C for 1 6h. The mixture was diluted with H 2 0(1 I), stirred for 5h, poured into an open dish and allowed to stand 
for 1 6h. After further dilution with H 2 0(1 .5 I), the solid was collected and recrystallized from an 85% ethanol solution 
(in water) to give 92 g (84%) of the intermediate as an orange solid, m.p. 64°C. 

[0059] A solution (100 ml) of 85% KOH (19 g, 0.288 mole) in H 2 0 was combined with a suspension of 4-(1-decyl)- 
2-nitroaniline (89 g, 0.28 mole), prepared above, in methanol (900 ml). The mixture was stirred for 6h, neutralized to 
pH 7-8 with concentrated HCI, and evaporated in vacuo to near dryness. After dilution with H 2 0 (400 ml), the solid was 
collected and air-dried to give 77 g (100%) of the intermediate as an orange solid, m.p. 59°C. 
[0060] 1 .0 g (8.7 mmole) of cyanamide dihydrochloride (previously prepared for use by treating an ether solution of 
cyanamide with HCI gas and collecting the precipitated solid) was added portionwise over 1 0 min to a preheated melt 
(190°C) of 4-(1-decyl)-2-nitroaniline prepared in the preceding step (500 mg, 1.8 mmole). The reaction mixture was 
heated at 190°C for 5 min, cooled to 25°C, treated with 6N KOH (10 ml), and heated at 90°-95°C for 1 h. After cooling 
to 25°C, the solid was collected, washed with H 2 0 and ethanol and air-dried to give 0.25 g (46%) of compound 4 as 
a light yellow solid, m.p. 177°C. (dec). MS: m/z (relative intensity) 285 (100, M + ), 302 (13) 

35 EXAMPLE 4 Preparation of 3-Amino-7-Carbamyl-1 ,2,4-Benzotriazine 1 -Oxide 



30 



[0061] 



40 



45 




[0062] Preparation of 4-chloro-3-nitrobenzamide: 20.2 g (0.1 mole) of 4-chloro-3-nitrobenzoic acid (Aldrich) and thio- 
nyl chloride (20 ml) were combined, allowed to stand for 16h, and refluxed for 4h to give a clear red solution. The 
solution was evaporated in vacuo and azeotroped with benzene. The residue was dissolved in acetonitrile (20 ml) and 
added over 30 min to cold (-10°C) concentrated ammonium hydroxide (100 ml). After 3h at -10°C and 16h at 25°C the 
mixture was poured into an open dish and allowed to evaporate to dryness. The residue was slurried in H 2 0 and the 
solid was collected and air-dried to give 19.8 g (98%) of the intermediate as a light yellow solid, m.p. 153°C. 
[0063] A solution of Na(3.45 g, 0.15 mole) in ethanol (75 ml) was added to a solution of guanidine hydrochloride 
(1 5.8 g, 0.1 65 mole) in ethanol (75 ml). After 1 h the mixture was filtered and the filtrate was combined with a suspension 
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of 4-chloro-3-nitrobenzamide (1 0 g, 0.05 mole) prepared above, in ethanol (50 ml). The mixture was stirred and refluxed 
for 1 6h, cooled to 0°-5°C, and acidified with concentrated HCI (8 ml). The collected solid was combined with K 2 C0 3 
(28 g. 0.2 mole) and H 2 0 (40 ml) and the mixture was stirred and heated at 100°C for 8h. After cooling to 25°C, the 
solid was collected, washed with H 2 0, and air-dried. The solid was suspended in boiling ethyl acetate, collected and 
5 washed with hot ethyl acetate. The solid was repeatedly suspended in boiling dioxane and collected (6 x 1 00 ml). The 
combined filtrate was evaporated in vacuo to a solid. The solid was suspended in 95% ethanol, collected and air-dried 
to give 0.44 g (4.3%) of compound 5 as a light yellow solid, m.p. 300°C. TLC: R^0.23 (methylene chloride: acetone 
of 2:1, silica gel plates). MS: m/z (relative intensity) 205 (100, M + ). 

10 EXAMPLE 5 Preparation of 7-Acetyl-3-Amino-1 ,2,4-Benotriazine 1 -Oxide Oxime 

[0064] 



75 



20 



NOH 




O 

t 



N NH 2 



25 



30 



[0065] A combined mixture of 7-acetyl-3-amino-1 ,2,4-benzotriazine 1 -oxide (50 mg, 0.25 mmole), hydroxylamine 
hydrochloride (200 mg, 2.88 mmole), pyridine (1 ml), and ethanol (1 ml) was heated at 90°-95°C. for 1h and then 
cooled to 25°C. The mixture was diluted with 95% ethanol (5 ml) and the solid was collected and air-dried to give 30 
mg (56%) of desired end-product as a light yellow solid, m.p. 278°C (dec). TLC: R/=0.60 (9:1 methylene chloride: 
methanol). MS: m/z (relative intensity) 219 (100, M + ). 

EXAMPLE 6 Preparation of 3-Amino-6(7)-Decyl-1 ,2,4-Benzotriazine 1 ,4-Dioxide 



[0066] 



35 



40 



45 



C l0 H 2 i 




50 



55 



[0067] 5-(1 -decyl)-benzofuroxan : A combined mixture of 4-(1-decyl)-2-nitroaniline (77 g, 0.28 mole), 5.25% NaOCI 
in H 2 0 (476 g, 0.34 mole), 85% KOH (20.3 g, 0.31 mole), nBu 4 NHS0 4 (4.7 g, 0.014 mole), and CH 2 CI 2 (2.28 I) was 
stirred rapidly for 6h and diluted with H 2 0 (500 ml) and CH 2 CI 2 (1 I). The separated organic phase was washed suc- 
cessively with 1 N HCI (1 I) and brine (2x11 )), dried (Na 2 S0 4 ), and concentrated in vacuo to yield a red oil, 70 g (92%). 
[0068] A solution of 5-(1-decyJ)-benzofuroxan as prepared above (10 g, 0.036 mole) and benzyltriethyl ammonium 
chloride (0.36 g, 0.0016 mole) in DMSO (180 ml) was treated gradually over several hours with cyanamide (13.0 g, 
0.31 mole) and K 2 C0 3 (36.8 g, 0.27 mole). The mixture was stirred for 48h and filtered. The filtrate was diluted with 
H 2 0 (6 1) and glacial acetic acid (40 ml) and extracted with CH 2 CI 2 (4 x 500 ml). The combined organic solution was 
washed successively with 5% NaHC0 3 solution (1 x 500 ml) and brine (2 x 500 ml), dried (Na 2 S0 4 ), and evaporated 
in vacuo to dryness. The crude product was purified by chromatography on silica gel using CH 2 CI 2 : methanol (98.2) 
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to give 1.8 g (16%) of desired end-product as a red solid, m.p. 155°C. (dec). MS: m/z (relative intensity) 318 (4, M + ), 
285(100). 

EXAMPLE 7 Preparation of 1 ,2,4-Benzotriazine Dioxide 
[0069] 



10 



15 



20 



25 



30 




8 1,2,4-benzotriazine 



H 2 02 



TFAA-CHCI3 




2 1,2,4-benzotriazine 1,4-dioxid* 



[0070] A mixture of 1 .80 g (13.73 mmole of 90% H 2 0 2 (9 ml), trif I uoroacetic anhydride (13.5 ml) and Na 2 W0 4 .2-H 2 0 
(12.50 g, 38 mmole) in CHCl 3 (1 70 ml) was stirred at room temperature for 5 days. The reaction mixture was diluted 
with H 2 0 (1 00 ml) and extracted with CHCI 3 (1 00 ml). The organic layer was washed with H s O (50 ml), dried (Na^O^), 
and the solvent removed in vacuo. The residue was chromatographed on silica gel using EtOAcCH 2 Cl 2 (1 :1) to give 
0.30 g (13.4%) of compound 9 as a yellow solid, m.p. 204°-205°C. Anal. Calc'd. for C 7 H 5 N 3 0 2 (163.13): C, 51.5; H, 
3.09; N, 25.76. Found: C, 51.6; H, 3.36; N, 26.01. MS: m/z (relative intensity) 163 (100, M + ), 147 (50). TLC: Rf=0.27 
(EtOAc-CH 2 CI 2 , 1 :1 , silica gel plates). IR (nujol): 1 600 u., 1460 u., 1300 u., UV: Jl^ (H 2 0): 227 (e22,900) 252 (e1 2,950): 
392 (e4,080). 
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EXAMPLE 8 Preparation of 7-Chloro-3-Hydroxy-1 ,2,4-Benzotriazine 1 ,4-Dioxide 
[0071] 



0 




10 7-chloro-3 -amino- 1 ,2,4-benzotriazine- 1 -oxide 




[0072] A mixture of 1.50 g (7.63 mmole) of 10 in 100 ml acetic acid was treated with 2.52 g (7.63 mmole) of 
Na 2 W04.2H 2 0 and 30 ml of 30% H 2 0 2 . The mixture was stirred and heated for 6 days at 50°C, then slowly evaporated 
to dryness to remove H 2 0 2 . The residue was boiled in 250 ml H 2 0 and filtered to remove about 25 mg of starting 
material 10. The aqueous solutions were then extracted with 2 x 250 ml portions of ethyl acetate. A deep red crystalline 
material that was characterized as 12 by TLC and Mass. Spec, analysis formed in the partitioning mixture above and 
was collected by filtration to afford 60.0 mg of a yellowish orange solid (3.7% yield), characterized as follows as 12, 
which showed good solubility in a mixture of hot isopropyl alcohol and water. Mass. Spec: M + =212 (q=100)(compound 
10); TLC: R/=0.34 (acetone, silica gel plates). 

[0073] The ethyl acetate solutions above, separated from the H 2 0 layer after the filtration to remove 12, were evap- 
orated to dryness. The residue was then treated with isopropyl alcohol at room temperature to afford a dull orange 
solid, 0.41 g (25% yield) of VL Mass. Spec: M+=213 (q=70); TLC: R/=0.22 (acetone, silica gel plates). 
[0074] Compound 11_ was characterized as the ammonium salt, C 7 H 4 CIN 3 03NH3, m.w. 230.61 , as follows. 
[0075] The free acid 11_ was dissolved in concentrated NH 4 OH and then chilled in ice and filtrated to remove a trace 
of insoluble 12. The red filtrate and washings were evaporated to dryness, leaving a reddish-orange solid. The solid 
was treated with 50 ml of boiling 1 ,2-dimethoxyethane, collected on a filter and washed with an additional 25 ml of hot 
1 ,2-dimethyl ether. The solid was dried over P 2 0 5 at 56°C.1/1 .0 mm, leaving 0.244 g (87% yield) of 13 
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Anal. Calc'd. for C 7 H 4 CIN 3 0 3 NH3 (230.61): C, 36.5; H, 306; N 24.30 Found: C 36.5; H3.07; N 23.94 UV: X max 
(H 20 ): 219 (e1 2,580); 265.4 (e40,000); 4830486 (e6,640). 
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EXAMPLE 9 Preparation of 7-Nitro-3-Amino-1 ,2,4-Benzotriazine 1,4-Dioxide 
[0076J 



10 



15 



20 



25 



30 



35 



40 



45 




2£ 



[0077] 7-Nitro-3-trifluoroacetamido-1,2,4-benzotriazine 1 -oxide (15) : A solution of 7-nitro-3-amino-1 ,2,4-benzotri- 
azine 1 -oxide (14) (4.00 g, 19.3 mmol; Parish Chemical Co.), CHCI 3 (125 ml) and trifluoroacetic anhydride (12.0 ml, 
85.0 mmol) was stirred at room temperature for 44 hr. The resultant light yellow solid was filtered, washed with CHCI 3 
(50 ml) and dried to give 5.35 g (91% (yield) of the product as a yellow solid. Anal. Calc'd. for CgH^NgCV C, 35.7; 

H, 1.33; N, 23.10. Found: C, 35.7; H, 1.23; N, 23.06. 

[0078] 7-Nitro-3-amino-1 l 2,4-benzotriazine 1,4-oxide (16): To a stirred solution of 7-nitro-3-trifluoroacetamido- 

I , 2,4-benzotriazine 1 -oxide prepared above (1 5)(2.50 g, 8.25 mmol) in CHCl 3 (200 ml) was added Na 2 W0 4 2 H 2 0 (90 
mg, 0.273 mmol) followed by 70% H 2 0 2 (1 0 ml). After 15 min the solution was treated with trifluoroacetic anhydride 
(8.0 ml, 56.7 mmol) and stirring was continued at room temperature for 64 hr. The reaction mixture was chromato- 
graphed (EtOAc, 20% MeOH/acetone, and finally 20% DMF/acetone) then recrystallized in acetone to give 1.20 g 
(65% yield) of the product (16) as an orange solid, mp 286°-288°C. (dec). UV: X max 259, 300, 345, 387, 472. Anal. 
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Calc'd. for C^NgC^ C, 37.70; H, 2.26; N, 31 .39. Found: C, 7.70; H, 2.13; N, 30.94. 
EXAMPLE 10 Preparation of 3-(3-N,N-Diethylaminopropylamino)-1,2,4-Benzotriazine 1,4-Dioxide 
5 [0079] 



O 




[0080] 3-(3-N,N-diethylaminopropylamino)-1 ,2,4-benzotriazine -1 -oxide (18): A solution of 3-chloro-1 ,2,4-benzotri- 
azine 1 -oxide (17)(3.0g, 16.5mmol) (produced by the method of Sasse etal., U.S. Pat. No. 4,289,771) in CH 2 CI 2 (100 
mi) was treated with N,N-diethyl-propylenediamine (9.5 ml, 88.3 mmol). After 20 hr at room temperature the mixture 
was diluted with 1 ,2-dichloroethane (50 ml) and washed successively with Na 2 C0 3 and H 2 0. The yellow solution was 
55 dried (Na 2 S0 4 ), filtered and evaporated in vacuo to give 3.93 g (87% yield) of the product as a yellow Solid. Recrys- 
tallization (ether/petroleum ether) yielded pure material, m.p. 47°-48°C. Anal. Calc'd. for C 14 H 21 N 5 0 (18): C, 61.10; 
H, 7.69; N, 25.44. Found: C, 61 .30; H, 7.80; N, 25.61 . 

[0081] 3-(3-N,N-diethylaminopropylamino)-1 ,2,4-benzotriazine 1 ,4-oxide (18a ): To a stirred solution of 3-(3-N,N-di- 
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ethylaminopropylamino)-1 ,2,4-benzotriazine 1 -oxide 18 prepared as above ((1 .60 g, 6.10 mmol) in CHCI 3 (50 ml) was 
added trifluoroacetic anhdride (22.0 ml). After 15 min the mixture was cooled to -10°C, 70% H 2 0 2 (10 ml) added and 
then stirred at room temperature for 20 days. The reaction mixture was dried (Na 2 S0 4 ), filtered and evaporated to 
dryness. The residue was dissolved in saturated NaHC0 3 solution (50 ml) and extracted with CH 2 CI 2 (3 x 150 ml). 
5 The organic layer was dried (Na 2 S0 4 ), filtered and evaporated to give the product 18a, 0.51 g (29% yield) as a red 
solid, m.p. 92°-94°C. 

NMR: 8 (400 MHz, CDCI 3 ) 1 .11 (6H, t, J=7.1 Hz, CH 3 ),1 .84-1 .90 (2H, m, H-2'), 2.48-2.64 (4H, m, NCH 2 CH 3 , and 
H-3'), 3.68 (2H, brt, J=5.5 Hz, H-V), 7.46 (1H, ddd, J=7.1, 7.0 and 1.2 Hz, H-6), 7.84, ddd, J=7.0, 6.9 and 1.2 Hz, H- 
7), 8.31 (2H, m, H-5 and 8), 8.80 (1H, br s, NH) 
10 UV: 220, 270, 476. 

Anal. Calc'd. for C 14 H 21 N 5 0 2 . (1/3 H 2 0): C, 56.50; H, 7.34; N, 23.55. 

Found: C, 56.90; H, 7.15; N, 23.40. 

EXAMPLE 11 Preparation of 7-Nitro-3-(2-N,N-Diethylaminoethylamino)-1 ,2,4-Benzotriazine 1 ,4 Dioxide 

15 

[0082] 




2£ 

55 
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[0083] 7-Nitro-3-(2-N,N-diethylaminoethylamino)-1 ,2,4-benzotriazine 1 -oxide hydrochloride (20): A solution of 7-ni- 

20 tro-3-chloro-1,2,4-benzotriazine 1 -oxide (19)(1.60 g, 7.06 mmol) (prepared as generally shown in Sasse et al, U.S. 
Pat. 4,289,771 , with (a) NaN0 2 and H 2 S0 4 at 40°C M followed by (b) chorination with POCI 3 at 106°C.) in CH 2 CI 2 (50 
ml) was treated with N.N-diethylethylenediamine (6.0 ml, 42.7 mmol). After 6 hr at room temperature the mixture was 
evaporated to dryness under high vacuum at 60°C. The yellow solid was stirred in 20% iPrOH/ether (150 ml) for 5 hr, 
filtered, washed with iPrOH then petroleum ether and dried (80°C./1 .0 mmHg) to give 1 .80 g (74% yield) of the product 

25 20 as yellow needle crystals. NMR 6 (90 MHz, d 6 -DMSO/d 4 -MeOH) 1 .25 (6H, t, J=6.0 Hz, CH 3 ), 3.25 (6H, m, NCH 2 ), 
3.82 (2H, m, H-1'), 7.74 (1H, d, J=7.0 Hz, H-5), 8.52 (1H, dd, J=7.0 and 2.0 Hz, H-6), 8.91 (1H, d, J=2.0 Hz, H-8). 
[0084] 7-Nitro-3-(2-N,N-diethylaminoethylamino)-1 ,2,4-benzotriazine 1 ,4-dioxide hydrochloride (21): To a stirred so- 
lution of 7-nitro-3-(2-N,N-diethylaminoethylamino) 1 ,2,4-benzotriazine 1 -oxide (20; prepared as described above) (0.50 
g, 1 .46 mmol) in CHCI 3 (50 ml) at 0°C. was added trifluoroacetic anhydride (9.0 ml). After 30 min 70% H 2 0 2 (4.0 ml) 

30 was added and the mixture stirred at room temperature for 3 days, then dried (Na 2 S0 4 ), filtered, and evaporated in 
vacuo to dryness to give thetrifluoraoacetate salt 0.67 g (45% yield). This product was dissolved in saturated NaH-C0 3 
solution (30 ml) and extracted with CH 2 CI 2 (3 x 30 ml). The dichloromethane was washed with H 2 0, dried (NagSC^), 
filtered, saturated with gaseous HCI and evaporated to dryness to give 0.35 g (63% yield, 28% overall) of the product 
as a red solid, m.p. 1 94°-1 95°C. UV: A. max 260, 306, 388, 479. Anal. Calc'd. for C 13 H 18 N 6 0 4 HCI: C, 43.50; H, 5.34; N, 

35 23.43. Found: C, 43.20; H, 5.37; N, 23.11 . 

[0085] The following Examples 12-15 are directed to reductive deamination reactions for preparing compounds of 
Formula (I) which are unsubstituted at the 3-position, i.e., wherein the substituent "X" is hydrogen. 
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EXAMPLE 12 Preparation of 1 ,2,4-Benzotriazine 1 ,4-Dioxide by Reductive Deamination of 3-Amino- 
1 ,2,4-Benzotriazine 1 ,4-Dioxide 



[0086] 
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[0087] To a rapidly stirred solution of t-butyl nitrite (867 mg, 1.0 ml, 8.41 mmol) in DMF (20 ml) at 60°-65°C. was 
added 3-amino-1 ,2,4-benzotriazine 1 ,4-dioxide (500 mg, 2.81 mmol) (prepared by the method of Seng et al., Anqew. 
Chem. Internal Edit. 1 1 (1 972)) in small portions over 5 min . Following the addition, and subsidence of the concomitant 
effervescence (approx. 5 min), the solution was collected and reduced under high vacuum to a dark waxy solid. Flash 
30 chromatography (30% EtOAc/CH 2 CI 2 ) gave a yellow solid, m.p. 188°-189.5°C (dec), which was recrystallized from 
ethanol to give 1 95 mg (43% yield) of the product 9 as bright yellow platelets, m.p. 1 92° -1 94°C (dec). 

NMR: (400 MHz, d6-acetone) 8.04(1 H, ddd, J=8.5, 7, 1.5 Hz), 8.15 (1 H, ddd, J=8.5, 7, 1 .5 Hz), 8.42 (1 H, dd, 
J-8.5, 1 .5 Hz), 8.43 (1 H, dd, J=8.5,1 .5 Hz) 9.05 (1 H,s,H-3). 

UV: \nax 405 ' 300 > 225.MS: m/z (relative intensity), 147(13), 136(19), intensity) 164(9), 163(100, M+), 147(13), 
35 136(19), 90(7), 78(27), 76(26), 75(8) 64(9), 63(10), 52(12), 51(48), 50(28), 38(8), 37(5), 30(18), 28(6), 27(7). 

Anal. Calc'd. for C 7 H 5 N 3 02: C, 51 .54; H, 3.09; N, 25.76. Found C, 51 .42; H, 3.02; N, 25.66. 
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EXAMPLE 13 Preparation of 7-Allyloxy-1 ,2,4-Benzotriazine 1,4-Dioxide Via Reductive Deamination 
[0088] 
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[0089] 7-Allyloxv-1 ,2,4-benzotriazine 1 ,4-dixoide (24): To a stirred solution of t-butyl nitrite (271 mg, 0.312 ml, 2.63 
mmol) in DMF (15 ml) at 60°-65°C. was added 7-allyloxy-3-amino-1 ,2,4-benzotriazine-1 ,4-dioxide 23 (205 mg, 0.875 
mmol) in small portions over 5 min. After 30 min additional t-butyl nitrite (271 mg, 0.312 ml, 2.63 mmol) was added, 
and shortly thereafter the deep red solution effervesced and lightened appreciably in color over a period of a few 
minutes. After an additional 30 min the resultant orange solution was reduced under vacuum to a brown solid which 
was sequentially flash chromatographed (10% EtOAc/CH 2 CL 2 ) and crystallized (CHgClg/petroleum ether) to give 72 
mg (38% yield) of the product 24 as light orange crystals, m.p 147°-148°C. 

NMR: 8 (400 MHz, d 6 -acetone) 4.89 (2H, ddd, H-1\J r2 .=5.5, J r . 3 . cjs =^..31^=1.5 Hz), 5.36(1 H, ddd, H-3\ 
J 3 , .2'cis=10-5, J 3 - 3-1 .5 Hz), 5.52 (1 H, ddd, H-3\ J 3 . 21rans =1 7.5, J 3 .. 3 «3, J 3T =1 .5 Hz), 6.14 (1 H, ddd, H-2\ J 2 , 3 . ds =1 0.5, 
J 2 .. r -.5.5 Hz), 7.70 (1 H, d, H-8, J 8 6=2.5 Hz), 7.74 (1 H, dd, H-6, J 65 =9.5, J 68 -2.5 Hz), 8.33 (1 H, d, H-5, J 5 g=9.5 Hz), 
8.93 (1 H,s, H-3). 

UV: ^ 425, 410, 365, 355, 320, 245, 200. MS m/z (relative intensity) 220(4), 219(34 M+), 103(4), 77(4), 75 
(4), 63(13), 62(4), 42(3), 41 (100), 39(16). 

Anal. Calc'd. for C 10 H 9 N 3 O 3 : C, 54.79; H, 4.14; N, 19.17. Found: C, 54.73; H, 4.16; N, 19.15. 
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EXAMPLE 14 Preparation of 7-(3-N-Ethylacetamido-2-acetoxypropoxy)-1 ,2,4-Benzotriazine 1 ,4-Dioxide Reductive 
Amination 

[0090] 



O 




[0091] To a stirred solution of t-butyl nitrite 9185 mg, 1 .79 mmol) in DMF (5 ml) at 60°C. was added via syringe a 
solution of 7-(3-N-ethylacetamido-2-acetoxypropoxy)-3-amino-1 l 2,4-benzotriazine 1,4-dioxide {25} (125 mg, 0.329 
mmol) m DMF (5 ml) over a period of 1 min. After 5 min additional t-butyl nitrite (21 7 mg, 2.1 0 mmol) was added and 
an immediate reaction occurred, as evidenced by the evolution of a gas and a change in color of the solution from red 
to light orange. After an additional 10 min the solution was stripped to a yellow/brown solid and eluted through silica 
gel with 5% MeOH/CH 2 CI 2 to give CHgClg/ligroin gave 90 mg yellow solid (75% yield), m.p. 1 79°-1 B0.5°C. 

NMR: 8 (400 MHZ, d 4 -methanol, mixture of rotamers, ratio approx. 2:1) 1.12, 1.22 (t's, 1:2,3 H total, J=7 Hz), 
2.0-6, 2.07 (s's, 2:1 , 3 H total), 2.11 , 4.34-4.48 (m, 2 H), 5.48-5.58(m, 1 H), 7.76-7.86 (m, 2H), 8.36-8.42 (m, 1 H), 9.04, 
9.06 (s's, 2:1, 1H total). 

UV: *max 420, 405, 365, 350, 315, 240, 200. MS: m/z (relative intensity) 365(0.5), 364(1.4, M+), 349(0.5), 348 
(1.1), 347(0.5), 332(1 .2), 331(3.6), 187(7), 186(66), 102(6), 100(21), 84(30), 63(6), 58(100), 56(8), 43(65), 42(9), 41 
(9), 41(5), 30(14), 29(5), 28(8). 
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EXAMPLE 15 Preparation of 7-Nitro-1 ,2,4-Benzotriazine 1 ,4-Dioxide via Reductive Deamination 
[0092] 
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[0093] To a stirred solution of t-butyl nitrite 988 mg, 0.85 mmol) in DMF (5 ml) at 60°C. was added 7-nitro-3-amino- 
1 ,2,4-benzotriazine 1,4-dioxide (14) (38 mg, 0.17 mmol). After 30 min the addition of further t-butyl nitrite (175 mg, 
1 .70 mmol) to the dark red slurry was immediately followed by a change in coloration and effervescence. After an 
additional 1 0 min the orange solution was reduced to a red solid in vacuo and chromato graphed with 1 % AcOH/CH 2 CI 2 
to give 3 mg of the product 27 as a yellow solid (10% yield). 

NMR 5 (90 MHz, d 6 -dimethyl sulfoxide) 7.68 (d, 1 H, J=9.2 Hz), 7.92 (dd, 1 H, J=9.2, 2.2 Hz), 8.1 0 (d, 1 H, J=2.2 
Hz), 8.65 (s, 1 H). UV: max 420, 310, 240, 205. MS: m/z (relative intensity) 209(9), 208(100, M+), 192(54), 181(14), 
162(16), 105(9), 77(28), 75(52), 74(27), 63(21), 62(16), 30(77), 1 8(26). 
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EXAMPLE 16 



3«ethyl-1 ,2,4-benzenetriazine-1 ,4-dioxide 



[0094] 
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[0095] The hydrazone (28), formed from the condensation of propion aldehyde and phenyl hydrazine, was reacted 
with benezenediazonium chloride in a mixture of acetic acid, sodium nitrite and HCI to give the formazan (29). Cycli- 
zation with BF 3 -AcOH (boron trifluoride-acetic acid) at 90-95°C gave 3-ethyl-1 ,2,4-benzenetriazine (30) as an oil, which 
was purified by distillation. Oxidation with 70% hydrogen peroxide and trifluoroacetic acid anhydride (TFAA) in CH 2 CI 2 
gave 3-ethyl-1 ,2,4-benzenetriazine-1 ,4-dioxide (31}. The title compound 3^ was purified using normal-phase column 
chromatography and recrystallization from aqueous ethanol to give material of 99.8% purity. The melting point of 31^ 
was found to be 141-142°C. 
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3-propyl-1 ,2,4-benzotriazine-1 ,4-dioxide (32) 

[0096] 3-propyl-1 ,2,4-benzotriazine-1 ,4-dioxide (32) was prepared and purified according to the method of Example 
1 6 (preparation of 3-ethyl-1 ,2,4-benzenetriazine-1 ,4-dioxide) except that the hydrazone formed from the condensation 
of butyraldehyde and phenyl hydrazine was used in the reaction with benzenediazonium instead of the hydrazone 
formed from the condensation of propionaldehyde and phenyl hydrazine. The melting point of 32 was found to be 
114-116°C. 
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EXAMPLE 18 



3-(1 -hydroxyethy l)-1 ,2,4-benzotriazine 1 -oxide 



[0097] 
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[0098] 3-chloro-1 ,2,4-benzotriazine 1 -oxide was treated with a slight excess of tri-N-butylvinyltin in a mixture of ac- 
etonitrile, tritoluyl phosgene and triethylamine, using palladium II catalysis (Pd II acetate) in a sealed tube at 100°C for 
48 hours. Removal of solvent and purification by column chromatography gave 3-vinyl-1 ,2,4-benzotriazine 1 -oxide 
(33). Reduction with 9-borabicyclo [3.3.1] nonane (9-BBN) followed by oxidation with sodium hydroxide and hydrogen 
peroxide gave the title compound 3-(1 -hydroxyethyl)-1 ,2,4-benzotriazine 1 -oxide (34). 

EXAMPLE 19 

[0099] Tirapazamine and cisplatin were tested in an in vivo RIF-1 tumor model. Tirapazamine and cisplatin were also 
tested in an in vitro assay using RIF-1 cells under hypoxic and aerobic conditions. 

[0100] Animals and tumors: The RIF-1 fibrosarcoma (developed and maintained in the laboratory of Dr. Martin Brown, 
Department of Radiation OncologyStanford University, Stanford, CA; Twentyman et al. J. Nafl Cancer Inst. 64: 
595-604) in C3H/Km mice (bred and maintained by the Radiation Biology Division at Stanford University Medical 
School) housed under defined flora conditions, was maintained alternately in vivo and in vitro, according to a previously 
published protocol (Twentyman, supra). Tumor cell monolayers, growing in Waymouth's medium supplemented with 
15% fetal calf serum, were harvested with 0.05% trypsin. From this suspension, 2x1 0 5 cells in 0.05 ml medium were 
inoculated intradermally in the back of each mouse at a site approximately 2 cm above the tail. Experiments were 
begun two weeks later when the mean tumor volume was approximately 200 mm 3 . 

[0101] Drugs : Tirapazamine (SR 4233) was supplied by Sterling Drug Inc (New York, New York). For animal studies, 
the drug was dissolved in normal saline at a concentration of 1 mg/ml and injected intraperitoneally (i.p.) on a mmol/ 
kg basis. Cisplatin (c-DDP) from Bristol Laboratories (Princeton, New Jersey) was dissolved in sterile water and injected 
i.p. in 0.01 ml/gm body weight. 

[0102] Cell Survival: For animal studies, RIF-1 cell survival was evaluated according to an in vivo/in vitro excision 
assay. Toward this end, mice were killed 24 hours after cisplatin treatment; tumors were excised, minced, and disso- 
ciated with an enzyme cocktail (Twentyman supra) and cells were plated for clonogenic assay. Resultant tumor cell 
colonies were stained with crystal violet and counted after two weeks incubation at 37C in a 5% C0 2 humidified at- 
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mosphere. Relative clonogenic cells per tumor was calculated as the product of plating efficiency and tumor cell yield 
for treated tumors relative to that for control untreated tumors assayed in parallel. 

[01 03] For the studies on cells in vitro, Rl F-1 cells were seeded into 60 mm glass petri dishes in Waymouth's medium 
supplemented with 1 5% fetal bovine serum at a concentration of 2 x 1 0 4 cells per dish. The experiments were performed 

5 4 to 5 days later when there were approximately 1 0 6 cell per dish at the time of treatment. The growth medium was 
. then replaced with 2 ml of medium without serum containing tirapazamine at a concentration of either 2 or 4 jig/ml. In 
each experiment, groups were included in which treatment with tirapazamine and cisplatin were performed both simul- 
taneously and with an interval between the two treatments. In those groups in which there was an interval immediately 
after the exposure to tirapazamine, the cells were rinsed twice and the medium replaced with full growth medium until 

10 the time for the second treatment (with cisplatin), which was also performed in medium without serum. Both the expo- 
sure to tirapazamine and to cisplatin were for one hour under hypoxic conditions. To achieve hypoxia, the dishes were 
loaded into specially fabricated, prewarmed aluminum gassing chambers which were placed in a shaking table and 
connected to a gassing manifold comprising a vacuum outlet line and inlet lines for air or nitrogen (+5% CO 2 ). Hypoxia 
was achieved in the aluminum chambers through a series of 5 alternate evacuations in 2 to 3 minutes to 0.1 atmosphere 

15 followed by gassing with nitrogen (+5% CO 2 ). After gassing, the chambers were sealed and incubated for one hour at 
37C. Measurement of the oxygen level in the medium using a Clarke electrode showed that hypoxia was achieved 
rapidly (in approximately 10 minutes with an average p0 2 level during the one hour exposure of less than 200 parts/ 
million oxygen). Immediately after the treatment with cisplatin, the cells were trypsinized, counted and replated in plastic 
Petri dishes in Waymouth's medium supplemented with 15% fetal bovine serum and incubated for 14 days at 37C in 

20 a 5% C02 humidified atmosphere, after which the colonies were stained with crystal violet and counted. 

[01 04] Normal Tissue: The response of normal tissue to tirapazamine and cisplatin was evaluated in the kidney and 
bone marrow through blood urea nitrogen (BUN) assays and peripheral white cell counts. Blood samples were taken 
from tail veins or by cardiac puncture. No anticoagulants were used. Peripheral white cell counts for individual mice 
were determined from 20 u.l whole blood diluted in 0.280 ml 3% acetic acid. For serum BUN assays, blood from two 

25 mice was pooled, coagulated, vortexed, and centrifuged at 830 g for 15 minutes. After the serum was aspirated, BUN 
values were determined by a commercial clinical veterinary laboratory. Survival to 30 days was also recorded in another 
experiment. 



30 



Results: 



[0105] (a) Results on tumors in vivo: Figure 1 shows the pooled results from two experiments in which 0.35 mmol/ 
kg tirapazamine (63mg/kg) was delivered to the tumor-bearing mice at various times over an interval from 3 hours prior 
to 2 hours after delivery of 8 mg/kg cisplatin, and clonogenic survival was assessed at 24 hours. The x-axis shows the 
relative number of clonogenic cells per tumor, The y-axis shows the time of administration of tirapazamine relative to 

35 administration of cisplatin (-2 hours represents data obtained form mice injected with tirapazamine two hours before 
the cispatin injection). Open circles represent tirapazamine alone; open squares represent cisplatin alone; closed 
squares represent tirapazamine and cisplatin. As shown in Figure 1, when tirapazamine is administered at intervals 
between three hours prior to or one to two hours after cisplatin, the relative numbers of clonogenic cells per tumor 
decreases from about 10-4 to about 10-7. These figures represent a 10-fold to a 1 , 000-fold decrease in the number 

^0 of clonogenic cells per tumor in comparison with the number of clonogenic cells per tumor when tirapazamine is ad- 
ministered at the same time as cisplatin. The synergistic effect of tirapazamine and cisplatin was most pronounced 
when tirapazamine is administered from about three hours to one hour prior to cisplatin, with the greatest interactive 
effect being seen at two and one half hours prior to administration of cisplatin. 

[0106] Because of the large amount of cell killing observed at the nadir in Figure 1 (which was on the border of the 
^5 limits of the clonogenic assay), the dose of tirapazamine in the experiment was reduced from 0.35 mmol to 0.27 mmol/ 
kg (48.6 mg/kg) and the experiments were repeated. In this experiment, the time gap between administration of cisplatin 
and tirapazamine was extended to twenty-four hours. The results of this experiment are shown in Figure 2. The x- and 
y-axes are the same as for Figure 1 . Open circles represent tirapazamine alone; open squares represent cisplatin 
alone; closed squares represent cisplatin and tirapazamine. As shown in Figure 2, the enhanced interaction between 
50 tirapazamine and cisplatin was present when tirapazamine was administered up to twenty-four hours prior to cisplatin. 
[0107] Despite the reduction in amount of tirapazamine administered in the second set of experiments, the data from 
the three experiments show the same results: essentially additive toxicity when the drugs are given together, and a 
major cytotoxic interaction when the drugs are separated in time with the maximal reduction in the number of clonogenic 
cells per tumor when tirapazamine treatment preceded cisplatin by approximately 2.5 hours. 
55 [0108] Additional experiments were performed with various doses of tirapazamine given 2.5 hours before either 4 
or 8 mg/kg cisplatin. There was an approximately exponential reduction in tumor cell survival at both doses of cisplatin 
with increasing dose of tirapazamine. 

[0109] (b) Results on Normal Tissue: Preliminary studies using C3H mice indicated that white cell counts reached 
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a nadir on the third day after treatment with tirapazamine and cisplatin and then rose again to near control levels on 
day five. A dose response study was therefore done on day 3 of cisplatin alone and tirapazamine plus cisplatin with 
the tirapazamine dose (0.35 mmol/kg) given 2.5 hours before cisplatin. Cisplatin was administered at three different 
dose levels - 10, 14, and 18 mg/kg. Both tirapazamine and cisplatin produced a mild leukopenia and the combination 

5 produced an affect equal to that predicted from adding the responses to the individual drugs. 

[0110] Assays of serum BUN were performed on the sixth day after injection of tirapazamine and cisplatin, based 
on a preliminary investigation of the time for maximum increase in BUN following high doses of cisplatin. BUN in C3H 
mice six days after a single injection of tirapazamine (0.27 mmol/kg), cisplatin (1 0, 14, or 18 mg/kg) or the two drugs 
given together (with tirapazamine injected two and one half hours before the cisplatin injection). BUN levels for doses 

10 of 10 and 1 4 mg/kg cisplatin alone were similar to BUN levels for untreated mice (approximately 30 mg/dl). However, 
18 mg/kg cisplatin alone had a BUN level of about 80 mg/dl. By contrast, at each dose of the combination of drugs, 
the BUN level of the treated mice was less than the BUN levels of untreated mice. 

[0111] These results show that tirapazamine in combination with cisplatin does not add to cisplatin kidney toxicity 
and may even protect at the highest dose tested. 
15 [0112] As a further test of whether tirapazamine enhanced the systemic toxicity of cisplatin, an LD50 experiment 
was performed with cisplatin alone and cisplatin preceded 2.5 hours before injection by tirapazamine. The LD50 for 
mice treated with 0.35 mmol/kg tirapazamine plus cisplatin was 1 7.7 mg/kg (95% confidence limit: 1 6.8-1 8.7 mg/kg), 
as contrasted with that for cisplatin alone which was 1 7.8 (1 7.1-1 8.5 mg/kg). 

20 (c) Results of in vitro experiments 

[0113] Cells were exposed to a one hour period to tirapazamine (2 or 4 u.g/ml) under hypoxic conditions and also 
exposed to cisplatin (2u.g/ml) for one hour as a function of time later. The concentration of each agent was chosen to 
produce a similar level of cell killing of hypoxic cells as that with the RIF-1 tumors in vivo: for tirapazamine (0.3 and 

25 0.009 and at 2 and 4 u,g/ml, respectively) and for cisplatin (3.5 x 10' 3 ). Each experiment contained groups in which 
there was no separation between the exposure of the two agents (i.e., tirapazamine and cisplatin were administered 
simultaneously for one hour under hypoxic conditions), as well as a group in which the two exposures were separated 
from one to four hours. The results obtained for the drugs given simultaneously were not significantly different from 
the product of the survivals of the two agents given separately (i.e., compatible with additivity); whereas when the drugs 

30 were separated, there was more cell killing by a factor of up to 10 2 . There is a similar kinetics of enhancement of cell 
killing as observed in the in vivo results, though the absolute magnitude of the effect of splitting the two doses is less 
than that observed in vivo To check that the interaction between the two agents depended on the presence of hypoxia, 
the experiments were repeated with three hours between exposure of the cells to tirapazamine under aerobic conditions 
and exposure of the cells to cisplatin under hypoxic conditions. In these experiments, there was no cytotoxicity due to 

35 the tirapazamine, and there was no potentiation of the cell killing compared to that produced by cisplatin alone in the 
same experiments. 
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wherein X-is is H; hydrocarbyi (1-4C); hydrocarbyl (1-4C) substituted with OH, NH 2 , NHR, NRR, alkoxy (1-4C) or 
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halogen; halogen; OH; alkoxy (1-4C); NH 2 ; NHR or NRR; wherein each R is independently selected from lower 
alky! (1-4C) and lower acyl (1-4C) and lower alkyl (1-4C) and lower acyl (1-4C) substituted with OH, NH 2 , alkyl 
(1-4C) secondary and dialkyl (1-4C) tertiary amino groups, alkoxy (1-4C) or halogen; and when X is NRR, both 
R's taken together directly or through a bridge oxygen to form a morpholino ring, pyrrolidino ring or piperidino ring; 
n is 0 or 1; and 

Y 1 and Y 2 are independently either H; nitro; halogen; hydrocarbyl (1-1 4C) including cyclic, acyclic and un- 
saturated hydrocarbyl, optionally substituted with 1 or2 substituents selected from the group consisting of halogen, 
hydroxy, epoxy, alkoxy (1-4C), alkylthio (1-4C), primary amino (NH 2 ), alkyl (1-4C) secondary amino, dialkyl (1-4C) 
tertiary amino, dialkyl (1-4C) tertiary amino where the two alkyls are linked together to produce a morpholino, 
pyrrolidino or piperidino ring, acyloxy (1 -4C), acylamido (1-4C) and thio analogs thereof, acetylaminoalkyl (1-4C), 
carboxy, alkoxycarbonyl (1-4C), carbamyl, alkylcarbamyl (1-4C), alkylsulfonyl (1-4C) or alkylphosphonyl (1-4C), 
wherein the hydrocarbyl can optionally be interrupted by a single ether (-0-) linkage; or wherein Y 1 and Y 2 are 
independently either morpholino, pyrrolidino, piperidino, NH 2> NHR 1 , NR'R\ 6(CO)R', NH(CO)R\ 0(SO)R', or O 
(POR')R' in which R' is a hydrocarbyl (1-4C) which may be substituted with OH, NH 2 , alkyl (1-4C) secondary amino, 
dialkyl (1-4C) tertiary amino, morpholino, pyrrolidino, piperidino, alkoxy (1-4C), or halogen substituents, or phar- 
macologically acceptable salt of said compound, for the manufacture of a medicament, enhancing the cytotoxic 
effect of a chemotherapy agent selected from antimetabolites, natural products, hormones and antagonists, an- 
tracenediones, adrenocortical suppressants and immunosuppressives, on a solid tumor, through therapeutic ad- 
ministration to a mammal having such a tumor from about one half hour to about twenty-four hours prior to or from 
about one hour to about two hours after the administration of said chemotherapy agent. 

2. The use as claimed in claim 1 wherein in the compound of formula I: 

X is hydrogen, primary amino (NH 2 ), unsubstituted branched or straight chain hydrocarbyl (1-4C); or substi- 
tuted branched or straight chain hydrocarbyl (1 -4C); 
n is 1 ; and 

Y 1 and Y 2 are independently H, nitro, carboxy, alkoxycarbonyl or alkylsulfonyl. 

3. The use as claimed in claim 2 wherein said compound is selected from the group consisting of: 

1 ,2,4-benzotriazine 1 ,4-dioxide, 
3-amino-1 ,2,4-benzotriazine 1 ,4-dioxide, 
3-ethyl-1 ,2,4-benzotriazine 1 ,4-dioxide, 
3-propyM ,2,4-benzotriazine 1 ,4-dioxide, 
3-(1-hydroxyethyl)-1 ,2,4-benzotriazine 1 ,4-dioxide. 

4. The use as claimed in claim 3 wherein said compound is 3-amino-1 ,2,4-benzotriazine 1 ,4-dioxide. 

5. The use as claimed in claim 1 wherein said chemotherapy agent is a natural product chemotherapy agent. 

6. The use as claimed in claim 5 wherein said natural product chemotherapy agent is taxoi. 

7. The use as claimed in claim 1 wherein said chemotherapy agent is an antimetabolite chemotherapy agent. 

8. The use as claimed in any one of claims 1 -7 wherein said compound is administered from about one half hour to 
about twenty-four hours prior to administration of said tumor with a chemotherapy agent. 

9. The use as claimed in claim 8 wherein said compound is administered from about one hour to about eighteen 
hours prior to administration of said chemotherapy agent. 

10. The use as claimed in claim 8 wherein said compound is administered from about two hours to about three hours 
prior to administration of said chemotherapy agent. 



Patentansprtiche 

1 . Verwendung einer Verbindung der Formel. I 
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worin bedeuten 

X H; Hydrocarbyl (1-4C); Hydrocarbyl (1-4C), substituiert mit OH, NH 2 , NHR, NRR, Alkoxy (1-4C) oder Ha- 
logen; OH; Alkoxy (1-4C); NH 2 ; NHR oder NRR; worln jedes R unabhangig gewahlt istaus Niederalkyl (1-4C) und 
Niederacyl (1 -4C) und Niederalkyl {1 -4C) und Niederacyl (1 -4C), substituiert mit OH, NH 2 , Alkyl (1 -4C), sekundaren 
und tertiaren Dialkyl (1-4C)-aminogruppen, Alkoxy (1-4C) Oder Halogen; und wenn X NRR ist, bilden beide R's 
zusammen direkt oder uber einen Bruckensauerstoff einen Morpholinoring, Pyrrolidinoring oder Piperidinoring: 

n 0 oder 1 ; und 

Y 1 und Y 2 unabhangig voneinander entweder H; Nitro; Halogen; Hydrocarbyl (1-1 4C) einschlieBlich cycli- 
schem, acyclischem und ungesattigtem Hydrocarbyl, wahlweise substituiert mit 1 oder 2 Substituenten. gewahlt 
aus derGruppe, bestehend aus Halogen, Hydroxy, Epoxy, Alkoxy (1-4C), Alkylthio (1-4C), primarem Amino (MH 2 ), 
sekundarem Alkyl (1-4C)-amino, tertiarem Dialkyl (1-4C)-amino, tertiarem Dialkyl (1 -4C)-amino, wobei diezwei 
Alkyls miteinander verbunden sind, urn einen Morpholino-, Pyrrolidino- oder Piperidinoring zu bilden, Acyloxy 
(1-4C), Acylamido (1-4C) und Thio-Analoge hiervon. Acetylaminoalkyl (1-4C). Carboxy, Alkoxycarbonyl (1-4C), 
Carbamyl, Alkylcarbamyl (1-4C), Alkylsulfonyl (1-4C) oder Alkylphosphonyl (1-4C), wobei das Hydrocarbyl wahl- 
weise unterbrochen sein kann durch eine Einfach-Ether (-O-)-Bindung: oder worin Y 1 und Y 2 unabhangig vonein- 
ander entweder Morpholino, Pyrrolidino, Piperidino, NH 2 , NHRNR'R , ,0(CO)R', NH(CO)R', 0(SO)R' oderO(POR') 
R' sind, worin R' ein Hydrocarbyl (1 -4C) ist, das substituiert sein kann mit OH, NH 2 , sekundarem Alkyl (1 -40-amino, 
tertiarem Dialkyl (1-4C)-amino, Morpholino, Pyrrolidino, Piperidino, Alkoxy (1-4C) oder Halogen-Substituenten, - 
odereinem pharmakologisch annehmbaren Salz dieser Verbindung 

zur Herstellung eines Arzneimittels, das den zytotoxischen Effekt eines Chemotherapiemittels, gewahlt aus Anti- 
metabolite^ naturlichen Produkten, Hormonen und Antagonisten, Anthracendionen, Adrenocortikalhemmern und 
Immunosuppressoren, auf einen soliden Tumor verstarkt, durch therapeutische Verabreichung an einen Sauger, 
der einen solchen Tumor besitzt, etwa eine halbe Stunde bis etwa vierundzwanzig Stunden vor oder etwa eine 
Stunde bis etwa zwei Stunden nach der Verabreichung des Chemotherapiemittels. 

Verwendung nach Anspruch 1, wobei in der Verbindung der Formel I: 

X Wasserstoff, primares Amino (NH 2 ), unsubstituiertes verzweigtes oder geradkettiges Hydrocarbyl (1-4C); 
oder substituiertes verzweigtes oder geradkettiges Hydrocarbyl (1-4C) ist; 
n 1 ist; und 

Y 1 und Y 2 unabhangig voneinander H, Nitro, Carboxy, Alkoxycarbonyl or Alkylsulfonyl sind. 

Verwendung nach Anspruch 2, wobei die Verbindung aus der Gruppe gewahlt ist, bestehend aus: 

1 ,2,4-Benzotriazin-1 ,4-dioxid, 

3-Amino-1 ,2,4-benzotriazin-1 ,4-dioxid, 

3-Ethyl-1 ,2,4-benzotriazin-1 ,4-dioxid, 

3-Propyl-1 ,2,4-benzotriazin-1 ,4-dioxid, 

3-(1 -Hydroxyethyl)-1 ,2,4-benzotriazin-1 ,4-dioxid. 

Verwendung nach Anspruch 3, wobei die Verbindung 3-Amino-1 ,2,4-benzotriazin-l ,4-dioxid ist. 

Verwendung nach Anspruch 1 , wobei das Chemotherapiemittel ein Chemotherapiemittel in Form eines naturlichen 
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Produkts ist. 

6. Verwendung nach Anspruch 5, wobei das Chemotherapiemittel in Form eines naturlichen Produkts Taxol ist. 

5 7. Verwendung nach Anspruch 1 , wobei das Chemotherapiemittel ein Antimetabolit-Chemotherapiemittel ist. 

8. Verwendung nach mindestens einem der Anspruche 1 -7, wobei die Verbindung etwa eine halbe Stunde bis etwa 
vierundzwanzig Stunden vor der Verabreichung an den Tumor mit dem Chemotherapiemittel verabreicht wird. 

10 9. Verwendung nach Anspruch 8, wobei die Verbindung etwa eine Stunde bis etwa achtzehn Stunden vor der Ver- 
abreichung des Chemotherapiemittels verabreicht wird. 

10. Verwendung nach Anspruch 8, wobei die Verbindung etwa zwei Stunden bis etwa drei Stunden vor der Verabrei- 
chung des Chemotherapiemittels verabreicht wird. 

15 

R even di cations 



1. Utilisation d'un compost de fbrmule 1 
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35 dans laquelle X est H ; un hydrocarbyle en G, a C 4 ; un hydrocarbyle en Ci a C 4 substitue par OH, NH 2 , 

NHR, NRR, un alcoxy en a C 4 ou un halogene ; un halogene ; OH ; un alcoxy en C 1 a C 4 ; NH 2 ; NHR ou NRR ; 
dans laquelle chaque R est independamment choisi parmi un alkyle inferieur en C-, a C 4 et un acyle inferieur en 
a C 4 et un alkyle inferieur en C 1 a C 4 et un acyle inferieur en a C 4 substitues par OH, NH 2 , des groupes 
amino alkyle en C 1 a C 4 secondaire et dialkyle en C 1 a C 4 tertiaire, un alcoxy en C-, a C 4 ou un halogene ; etquand 
40 X est NRR, les deux R pris directement ensembles ou par le biais d'un pont oxygene forment un cycle morpholino, 

un cycle pyrrolidine ou un cycle piperidino ; 
n vaut 0 ou 1 ; et 

Y 1 et Y 2 sont independamment I'un et I'autre un H ; un nitro ; un halogene ; un hydrocarbyle en C, a C 14 
comprenant un hydrocarbyle cyclique, acyclique et insature, facultativement substitue par 1 ou 2 substituants 

45 choisis dans le groupe comprenant un halogene, un hydroxy, un epoxy, un alcoxy en C-, a C 4 , un alkylthio en C 1 

a C 4 , un amino primaire (NH 2 ), un amino akyle en C 1 a C 4 secondaire, un amino dialkyle en C, a C 4 tertiaire, un 
amino dialkyle en C, a C 4 tertiaire dans lequel les deux alkyles sont lies I'un a I'autre pour donner un cycle mor- 
pholino, pyrrolidino ou piperidino, un acyloxy en C t a C 4 , un acylamido en a C 4 et des analogues thio de celui- 
ci, un acetylaminoalkyle en Cj a C 4 , un carboxy, un alcoxycarbonyle en Cj a C 4 , un carbamyle, un alkylcarbamyle 

so en C 1 a C 4 , un alkylsulfonyle en C t a C 4 ou un alkylphosphonyle en C-, a C 4 , dans lesquels I'hydrocarbyle peut 

etre facultativement coupe par une seule liaison ether (-0-) ; ou dans laquelle Y 1 et Y 2 sont independamment I'un 
et I'autre un morpholino, un pyrrolidino, un piperidino, NH 2 , NHR', NR'R\ 0(CO)R', NH(CO)R', 0(SO)R', ou O 
(POR')R' dans lesquels R' est un hydrocarbyle en C n a C 4 qui peut etre substitue par des substituants OH, NH 2 , 
amino alkyle en a C 4 secondaire, amino dialkyle en C 1 a C 4 tertiaire, morpholino, pyrrolidino, piperidino, alcoxy 

55 en O, a C 4 , ou halogene, ou un sel pharmaceutiquement acceptable dudit compose, pour la fabrication d'un me- 

dicament augmentant I'effet cytotoxique d'un agent de chimiotherapie choisi parmi les antimetabolites, les produits 
naturels, les hormones et les antagonistes, les anthracenediones, les suppresseurs corticosurrenaux et les im- 
munodepresseurs, sur une tumeur solide, par I'intermediaire d'une administration therapeutique a un mammifere 
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ayant une telle tumeur environ une demi-heure a environ vingt quatre heures avant ou environ une heure a environ 
deux heures apres I'administration dudit agent de chimiotherapie. 

2. Utilisation selon la revendication 1 dans laquelle dans le compose de formule 1 : 

X est un hydrogene, un amino primaire (NH 2 ), une chame hydrocarbyle en C 1 a C 4 non substitute lineaire ou 
ramifiee ; ou une chame hydrocarbyle en C, a C 4 substitute lineaire ou ramifiee ; 
n vaut 1 ; et 

Y 1 et Y 2 sont independamment H, un nitro, un carboxy, un alcoxycafbonyle ou un alkylsulfonyle. 

3. Utilisation selon la revendication 2 dans laquelle le compose est choisi dans le groupe comprenant : 



le 1 ,4-dioxyde de 1 ,2,4-benzotriazine, 
le 1 ,4-dioxyde de 3-amino-1 ,2,4-benzotriazine, 
15 le 1 ,4-dioxyde de 3-ethyl-1 ,2,4-benzotriazine, 

le 1 ,4-dioxyde de 3-propyl-1 ,2,4-benzotriazine, 
le 1 ,4-dioxyde de 3-(1-hydroxyethyl)-1 ,2,4-benzotriazine. 



4. Utilisation selon la revendication 3 dans laquelle ledit compose est le 1 ,4-dioxyde de 3-amino-1 ,2,4-benzotriazine, 

5. Utilisation selon la revendication 1 dans laquelle ledit agent de chimiotherapie est un produit naturel utilise comme 
agent de chimiotherapie. 

6. Utilisation selon la revendication 5 dans laquelle ledit produit naturel utilist comme agent de chimiotherapie est 
25 letaxol. 

7. Utilisation selon la revendication 1 dans laquelle ledit agent de chimiotherapie est un agent de chimiothtrapie 
antimetabolite. 

30 8. Utilisation selon Tune quelconque des revendications 1 a 7 dans laquelle ledit compose est administre environ 
une demi-heure a environ vingt quatre heures avant I'administration a ladite tumeur d'un agent de chimiotherapie. 

9. Utilisation selon la revendication 8 dans laquelle ledit compose est administrt environ une heure a environ dix huit 
heures avant I'administration dudit agent de chimiotherapie. 



10. Utilisation selon la revendication 8 dans laquelle ledit compose est administre environ deux heures a environ trois 
heures avant ['administration dudit agent de chimiotherapie. 
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Figure 1 
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Figure 2 



O SR 4233 Alone 
□ c-DDP Alone 
SR4233 + c-DDP 
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